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INTRODUCTION

Early detection using screening mammography has 
contributed to a reduction in breast cancer mortality 
[1]. However, dense breasts on mammography represent 
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an important reason for failed early diagnosis of breast 
cancer with a sensitivity as low as 30%–48% [2,3] and an 
increased incidence of interval or advanced breast cancers 
[4-6]. To overcome the limitations of mammography, 
digital breast tomosynthesis (DBT) has been developed 
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Study Cohort
Since 2016, Seoul National University Hospital Healthcare 

System Gangnam Center has offered simultaneous DM and 
DBT (DM/DBT, herein DBT) combined with whole-breast 
handheld US or DM combined with whole-breast handheld US 
as a part of routine screening program. Baseline screening 
for DM was performed at our institution. The reason 
behind selection of DBT for screening was not recorded, 
but the selection of DBT was likely dependent on machine 
availability at the time of imaging, individual risk of breast 
cancer, and choice of women wanting to be screened more 
thoroughly with this advanced technology. 

We performed a retrospective search of screening breast 
examinations performed between June 2016 and July 2019 at 
Seoul National University Hospital Healthcare System Gangnam 
Center for asymptomatic women (≥ 40 years old) with 
mammographic density classified as Breast Imaging Reporting 
and Data System (BI-RADS) categories c (heterogeneously 
dense) or d (extremely dense) [23]. A total of 1195 consecutive 
asymptomatic women screened with DBT and 17129 screened 
with DM were identified. Among 1195 asymptomatic women 
who had undergone DBT + US (DBT cohort), 307 women were 
excluded because of a personal history of breast cancer (n 
= 18), follow-up period of less than 1 year (n = 269), and 
augmentation mammoplasty (n = 20). Among the 17129 
asymptomatic women who had undergone DM + US (DM 
cohort), we excluded 5395 women because of a personal 
history of breast cancer (n = 317), follow-up period of less 
than 1 year (n = 4796), and augmentation mammoplasty 
(n = 282). After 1:2 matching of women in the DBT and DM 
cohorts, 863 and 1726 women in the DBT and DM cohorts, 
respectively, were finally included in the analysis. Among 
them, 783 and 1623 women were assessed as negative for 
DBT and DM, respectively. Subsequently, 1:2 repeat matching 
was performed, resulting in inclusion of 758 women in the 
DBT cohort and 1516 women in the DM cohort (Fig. 1). 

DM, DBT, and US Examinations
All imaging data were obtained prospectively as part of 

our routine clinical practice and stored in a picture archiving 
and communication system. All mammographic imaging data 
were acquired using a full-field mammography unit (Selenia 
Dimensions, Hologic Inc.; Senographe 2000D, GE Medical 
Systems). Standard mammography includes bilateral two-
view (mediolateral oblique and craniocaudal) mammograms. 
DBT was performed using a full-field DM unit with integrated 
DBT acquisition (Selenia Dimensions, Hologic Inc.). 

to improve cancer detection and reduce the rate of 
false positives by removing overlapping tissues [7-9], 
especially in women with dense breasts [10] and those 
under the age of 50 years [11]. In patients with negative 
findings on digital mammography (DM), supplemental 
DBT showed incremental cancer detection of 1.2–2.7 per 
1000 screening examinations [7,12-16]. A recent meta-
analysis reported a pooled incremental cancer detection 
rate (CDR) of 1.6 per 1000 screening examinations after a 
negative assessment on DM [17]. DBT combined with DM, 
or synthesized mammography (SM), is rapidly becoming a 
routine breast screening tool [18]. Although DBT showed 
improved diagnostic performance compared with DM, a few 
recent studies have investigated additional cancer yield by 
using supplemental screening ultrasound (US) after negative 
DBT [19,20]. Studies that directly compared the diagnostic 
performance of supplemental DBT and US in women with 
dense breasts showed a higher CDR with more false-positive 
findings with respect to US [21,22]. As DBT replaced DM as 
a baseline breast cancer screening modality, the options for 
breast cancer screening in women with dense breasts have 
broadened, including the sole use of DBT with DM or SM, DM 
with US, and combined DBT, DM or SM, and US. However, the 
comparative performances of these options remain unclear. 
Since higher cancer detection can be achieved by whole-
breast US screening, baseline screening with DBT would 
not have any benefit compared with DM. Furthermore, the 
performance of DBT compared with DM and supplemental US 
in matched cohorts has not been well investigated. Therefore, 
we aimed to compare the outcomes of DBT screening 
combined with US with those of DM screening combined with 
US in a matched cohort of women with dense breasts. 

MATERIALS AND METHODS

The Seoul National University Hospital Institutional Review 
Board (IRB No. 2004-177-1119) approved this retrospective 
study and waived the requirement for informed consent. A 
total of 573 of the 2589 women in the current study were 
previously reported [20]. A previous study [20] evaluated the 
additional value of US to DBT in combination with DM for 
screening in average-risk women with both dense and non-
dense breasts. The current study focused on the outcomes of 
DBT screening combined with US versus DM combined with 
US in women with dense breasts using matched cohorts. 
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SM images were acquired automatically after the DBT 
acquisition. The software created SM from raw DBT data [24]. 
Whole-breast handheld US examinations were performed 
by one of the three dedicated breast radiologists (B.R.K., 
S.U.S., and A.Y. with 6, 8, and 14 years of experience on 
breast US, respectively) who used a handheld US 14–16 
MHz linear transducer with a EUB-8500 (Hitachi Medical) 
(Supplementary Materials and Methods). 

Image Analysis
At our health care center, for women scheduled for DBT 

or DM and US on the same day, the radiologists reported 
the DBT or DM findings separately using the fifth edition of 
the BI-RADS score of 1–5 [23] before the US examination 
and then reported the combined final assessment after the 
US examination. Cases assigned a BI-RADS category of 3, 
4, or 5 were considered positive screening results, while 
those assigned a BI-RADS category of 1 or 2 were considered 
negative. Recommendations for routine annual follow-up 
examinations were made for negative cases, whereas a short-
interval follow-up of 6 months, additional mammographic 
views, or biopsy were recommended for positive cases 
(Supplementary Materials and Methods). 

Data Collection
Among variables known to be related to breast cancer 

risk [25], we collected data that were identifiable from our 
medical records, including age, menopausal status, history of 
hormone replacement therapy, and family history of breast 
cancer. Histological examinations and 1-year follow-up 
data were used as reference standards. For cancers, data on 
pathologic tumor size, histologic type, TNM stage, estrogen 
receptor, progesterone receptor, and human epidermal 
growth factor receptor type 2 were collected (Supplementary 
Materials and Methods). 

Statistical Method
To balance women who underwent DBT with supplemental 

US (DBT + US, DBT cohort) with those who underwent DM 
with supplemental US (DM + US, DM cohort), 1:2 matching 
was performed on matching variables, including age (within 
4 years), mammographic density, menopausal status, history 
of hormone replacement therapy, and family history of 
breast cancer. For matching, a 1:2 matching ratio was used 
considering the larger number of patients in the DM cohort 
than in the DBT cohort to improve precision without an 
increased bias [26]. Another 1:2 matching was performed 

18324 consecutive asymptomatic women ≥ 40 years with dense breast 
screened with DBT with US vs. DM with US 

between June 2016 and July 2019

1:2 matching according to mammographic density, age, menopausal status, 
hormone replacement, family history of breast cancer

1:2 repeat matching according to mammographic density, age, menopausal status, 
hormone replacement, family history of breast cancer

1195 women with DBT + US

888 women with DBT + US

80 positive findings on DBT 103 positive findings on DM

783 women with negative DBT

758 women with negative 
DBT + US

1623 women with negative DM

1516 women with negative 
DM + US

863 women with DBT + US 1726 women with DM + US

11734 women with DM + US

  307 excluded
18 personal history of breast cancer

20 mammoplasty
269 less than 1 year follow-up

  5395 excluded
317 personal history of breast cancer

282 mammoplasty
4796 less than 1 year follow-up

17129 women with DM + US

DBT and DM matched cohort

Negative DBT and DM matched cohort

Fig. 1. Study flow chart. This flow chart show the study population selection process, including inclusion criteria, and exclusion criteria. 
1:2 matching was performed for women in digital breast tomosynthesis (DBT) and digital mammography (DM) cohorts,and another 1:2 
matching was performed for women with negative assessments on DBT and DM. US = ultrasound
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for women with negative assessments on DBT and DM. CDR 
was defined as the number of positive examinations with 
cancers detected per 1000 screening examinations. The 
sensitivity, specificity, and abnormal interpretation rate 
(AIR) of the DBT and DM cohorts were calculated for the 
entire population and for women with negative findings on 
DBT or DM (Supplementary Materials and Methods). The 95% 
confidence intervals (CIs) were estimated using the Clopper–
Pearson exact CI for proportions. P-values for comparison of 
outcomes and differences of proportions were obtained from 
a logistic model using the generalized estimating equation 
to account for the correlation among matched sets. We 
additionally provided P-values for the comparison of 
outcomes from the multivariable logistic model adjusted for 
the matching variables. The characteristics of the detected 
cancers were compared using the independent sample 
t-test for continuous variables and Fisher’s exact test for 
categorical variables. A two-sided P-value of less than 0.05 
indicated a statistically significant difference (SAS software, 
version 9.4; SAS Institute).

RESULTS

Study Cohort 
Table 1 summarizes the demographic characteristics of the 

matched DBT cohort, DM cohort, and 26 patients with breast 
cancer. In the matched cohort of 2589 women, the median 

age was 53 years (interquartile range [IQR]: 40–78 years). 
Breast density was classified as heterogeneously dense in 
1695 (66%) and extremely dense in 894 patients (34%). 
Among the 2589 women, 1173 (45%) were premenopausal, 
330 (13%) had undergone hormone replacement therapy, 
and 156 (6%) had a family history of breast cancer. The 
demographic characteristics of the women included in the 
subsequent analysis in the groups with negative findings 
on DBT and DM and eight patients with breast cancer are 
described in Supplementary Table 1.

Outcome Measures in the DBT and DM Cohorts 
Among the 2589 women, 26 (1%) were diagnosed with 

breast cancer, of which 9 (35%) were in the DBT cohort and 
17 (65%) were in the DM cohort. We found no difference in 
the CDRs between DBT + US (10.4 [95% CI: 4.8–19.7] per 
1000 examinations) and DM + US (9.8 [95% CI: 5.7–15.7] 
per 1000 examinations) (P = 0.889), despite the higher AIR 
of DBT + US (31.6% [95% CI: 28.5%–34.9%] vs. 22.4% [95% 
CI: 20.5%–24.5%]; P < 0.001) (Table 2). The sensitivities 
of both DBT + US and DM + US were 100% (95% CI: 66.4%–
100%) and 100% (95% CI: 80.5%–100%), respectively, with 
no interval cancers. The specificity of DM + US was higher 
than that of DBT + US (78.4% [95% CI: 76.3%–80.3%] vs. 
69.1% [95% CI: 65.9%–72.2%]; P < 0.001). The detailed 
outcomes of DM and DBT are provided in the Supplementary 
Table 2. 

Table 1. Patient Characteristics

Characteristic
Total 

 (n = 2589)
DBT Cohort
 (n = 863)

DM Cohort
(n = 1726)

Patients with 
Breast Cancer (n = 26)

Median age (IQR) at initial breast cancer diagnosis, yr 53 (40–78) 53 (40–78) 53 (40–77) 53 (44–64)
Age group at initial breast cancer diagnosis

< 50 years 899 (35) 297 (34) 602 (35) 10 (39)
≥ 50 years 1690 (65) 566 (66) 1124 (65) 16 (61)

First-degree family history of breast cancer
Absent 2433 (94) 811 (94) 1622 (94) 24 (92)
Present 156 (6) 52 (6) 104 (6) 2 (8)

Breast density 
Heterogeneously dense 1695 (66) 565 (66) 1130 (66) 13 (50)
Extremely dense 894 (34) 298 (34) 596 (34) 13 (50)

Menopausal status
Premenopausal 1173 (45) 391 (45) 782 (45) 15 (58)
Peri- or postmenopausal 1416 (55) 472 (55) 944 (55) 11 (42)

Hormone replacement
No 2259 (87) 753 (87) 1506 (87) 23 (89)
Yes 330 (13) 110 (13) 220 (13)   3 (11)

Data are numbers with percentages in parentheses, unless otherwise specified. DBT = digital breast tomosynthesis, DM = digital 
mammography, IQR = interquartile range
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Outcomes Measures in the DBT and DM Cohorts with 
Negative Findings 

In women with negative findings on DBT and DM, CDRs 
were not statistically different between DBT + US (4.0 [95% 
CI: 0.8–11.5] per 1000 examinations) and DM + US (3.3 [95% 
CI: 1.1–7.7] per 1000 examinations) (P = 0.803), despite 
the higher AIR of DBT + US (24.8% [95% CI: 21.8%–28.0%] 
vs. 16.9% [95% CI: 15.1%–18.9%]; P < 0.001) (Table 3). 
The sensitivities of the DBT and DM cohorts were 100% 
(95% CI: 29.2%–100%) and 100% (95% CI: 47.8%–100%), 
respectively, with no interval cancers. The specificity of DM + 
US was higher than that of DBT + US (83.3% [95% CI: 81.4%–
85.2%] vs. 75.5% [95% CI: 72.3%–78.5%]; P < 0.001).

Characteristics of Detected Breast Cancers
The characteristics of the 26 cancers detected are listed 

in Table 4. Overall, 58% (15 of 26) were invasive cancers, 
and 42% (11 of 26) were ductal carcinoma in situ (DCIS). 

Of the nine cancers detected by DBT + US, five (56%) were 
invasive (mean invasive tumor size, 1.4 cm), four (44%) 
were DCIS, and 89% (8 of 9) were lymph node-negative. Of 
the 17 cancers detected by DM + US, 10 (59%) were invasive 
(mean invasive tumor size, 1.9 cm), 7 (41%) were DCIS, 
and 82% (14 of 17) were lymph node-negative. Among 
the nine cancers detected by DBT + US, there were two 
asymmetries (22%), two masses (22%), two calcifications 
(22%), and three occult (33%). Among the 17 cancers 
detected by DM + US, the most common mammographic 
feature of cancers detected by DM was six calcifications 
(35%), followed by three asymmetries (18%), three mass 
(18%), and five occult (29%). 

Supplemental US after negative findings on DBT or 
DM allowed the detection of eight cancers: 75% (6 of 8) 
invasive and 25% (2 of 8) DCIS. Of the three false-negative 
cancers that were not detected on DBT but detected on 
US, two (67%) were lymph node-negative invasive cancers 

Table 3. Performance Outcomes of Supplemental US in Women with Dense Breasts with Negative Results at DBT and DM

Parameters DBT + US (n = 758) DM + US (n = 1516) P* P†

Cancer detection rate per 1000 examinations 4.0 (0.8, 11.5) 
[3/758]

3.3 (1.1, 7.7) 
[5/1516]

0.803 0.803

Sensitivity, % 100 (29.2, 100) 
[3/3]

100 (47.8, 100) 
[5/5]

- -

Specificity, % 75.5 (72.3, 78.5) 
[570/755]

83.3 (81.4, 85.2) 
[1259/1516]

< 0.001 < 0.001

Abnormal interpretation rate, % 24.8 (21.8, 28.0) 
[188/758]

16.9 (15.1, 18.9) 
[257/1516]

< 0.001 < 0.001

The data in parentheses are 95% Clopper-Pearson exact confidence intervals, and the data in brackets are the number of examinations. 
*P-value of DBT + US vs. DM + US from a logistic model using generalized estimating equation to account for the correlation among 
matched sets, †P-value of DBT + US vs. DM + US from a multivariable logistic model adjusted for the matching variables. DBT = digital 
breast tomosynthesis, DM = digital mammography, US = ultrasound

Table 2. Performance Outcomes of Screening DBT + US and DM + US in All Women with Dense Breasts 

Parameters
DBT Cohort  (n = 863) DM Cohort (n = 1726)

P* P†

DBT DBT + US DM DM + US
Cancer detection rate per 1000 
  examinations

7.0 (2.6, 15.1)
[6/863]

10.4 (4.8, 19.7) 
[9/863]

7.0 (3.6, 12.1)
[12/1726]

9.8 (5.7, 15.7) 
[17/1726]

0.889 0.889

Sensitivity, % 66.7 (29.9, 92.5)
[6/9]

100 (66.4, 100) 
[9/9]

70.6 (44.0, 89.7)
[12/17]

100 (80.5, 100) 
[17/17]

- -

Specificity, % 91.2 (89.1, 93.0)
[779/854]

69.1 (65.9, 72.2) 
[590/854]

94.2 (92.9, 95.2)
[1609/1709]

78.4 (76.3, 80.3) 
[1339/1709]

< 0.001 < 0.001

Abnormal interpretation rate, % 9.4 (7.5, 11.5)
[81/863]

31.6 (28.5, 34.9) 
[273/863]

6.5 (5.4,7.8)
[112/1726]

22.4 (20.5, 24.5) 
[387/1726]

< 0.001 < 0.001

The data in parentheses are 95% Clopper-Pearson exact confidence intervals, and the data in brackets are the number of examinations. 
*P-value of DBT + US vs. DM + US from a logistic model using generalized estimating equation to account for the correlation among 
matched sets, †P-value of DBT + US vs. DM + US from a multivariable logistic model adjusted for the matching variables. DBT = digital 
breast tomosynthesis, DM = digital mammography, US = ultrasound
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(mean invasive tumor size, 1.8 cm) (Fig. 2) and one (33%) 
was DCIS. Of the five false-negative cancers that were 
not detected on DM but detected on US, four (80%) were 
invasive (mean invasive tumor size, 2.6 cm) (Fig. 3) and 
one (20%) was DCIS. Three of the five invasive cancers 
(60%) were lymph node-positive. Although not statistically 
significant, larger size and higher stage cancers were 
detected with supplemental US after negative findings on 
DM than in the DBT cohort. Detailed characteristics of the 
26 detected cancers are presented in Supplementary Table 3. 

DISCUSSION

In our analysis of matched cohorts of 2589 women with 
dense breasts screened using DBT (n = 863) or DM (n = 
1726) in combination with supplemental US, there was 
no significant improvement in screening performance with 
DBT + US compared with DM + US. The CDR of DBT + US 
was comparable to that of DM + US (10.4 vs. 9.8 per 1000 
examinations). In women with negative findings on DBT 
and DM, the incremental CDRs by supplemental US were not 
statistically different (4.0 vs. 3.3 per 1000 examinations). 
Our findings suggest that, in women with dense breasts 
undergoing concurrent breast US screening, the contribution 
of DBT is not significantly different from that of DM. 
Regarding the characteristics of detected cancers, both DBT 
and DM with supplemental US allowed the detection of all 
cancers without interval cancers. After negative assessment of 
both DBT and DM, US allowed the detection of an additional 
75% (6 of 8) of invasive cancers. 

Since 2011, DBT has been approved and rapidly 
implemented as a robust mammographic technique, and 
many breast imaging practices have been adopted for 
DBT combined with DM or SM [18]. However, DBT is not 
the standard technique used for screening in many other 
countries [27]. Thus, it is important to evaluate the 
optimal screening methods for women with dense breasts 
to determine whether DBT would make any difference to 
DM as a replacement in combination with US. According 
to our results, the contribution of either mammographic 
technique is limited in women with dense breasts, especially 
in those planning to be screened with supplemental US. 
Our results were similar to those of Dibble et al. [19], who 
analyzed the screening performance of DBT + US and DM + 
US in women with dense breasts. They found comparable 
CDR of DM + US (3.5 per 1000 women) and DBT + US (3.0 
per 1000 women) (P = 0.999). Our findings suggest that 
the addition of screening US to both DBT and DM increased 
cancer detection in women with dense breasts; however, 
the benefit of using DBT as baseline imaging compared with 
DM was not evident. 

Over the years, supplemental imaging modalities, 
including US and DBT, have been increasingly utilized for 
screening women with dense breast tissue. According to the 
American College of Radiology appropriateness criteria [28], 
supplemental DBT is recommended for both screening and 
diagnostic purposes in women with dense breasts tissue due 
to improved CDR and reduced recall rate [29-31]. In contrast, 

Table 4. Comparison of Characteristics between Cancers Detected 
on DBT + US and DM + US

DBT + US DM + US P
All women

Invasive or DCIS 9 17 > 0.999

DCIS 4 (44)   7 (41)
Invasive 5 (56) 10 (59)

Mean size of invasive cancers, cm 1.4 ± 0.7 
(0.9–2.5)

1.9 ± 1.4 
(0.5–5.4)

0.400

Stage 0.999
DCIS 4 (44)   7 (41)
Invasive, I 3 (33)   5 (29)
Invasive, II or III 2 (22)   5 (30)

T stage 0.627
0, I 8 (89) 13 (77)
II or higher 1 (11)   4 (23)

Lymph node status > 0.999
Negative 8 (89) 14 (82)
Positive 1 (11)   3 (18)

Women with negative results on DBT and DM
Invasive or DCIS 3 5 > 0.999

DCIS 1 (33)   1 (20)
Invasive 2 (67)   4 (80)

Mean size of invasive cancers, cm 1.8 ± 1.0 
(1.0–2.5)

2.6 ± 2.0 
(0.9–5.4)

0.606

Stage 0.785
0 1 (33)   1 (20)
I 2 (66)   2 (40)
II or III 1 (33)   1 (20)

T stage > 0.999
0, I 2 (67)   3 (60)
II or higher 1 (33)   2 (40)

Lymph node status 0.196
Negative    3 (100)   2 (40)
Positive 0 (0)   3 (60)

Data are mean ± standard deviation (range) or number of 
patients with percentages in parentheses. DBT = digital breast 
tomosynthesis, DCIS = ductal carcinoma in situ, DM = digital 
mammography, US = ultrasound 
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Fig. 2. Imaging of a 56-year-old woman with a screening breast ultrasound (US) detected invasive ductal cancer (T1N0M0, estrogen 
receptor, progesterone receptor positive, and human epithelial growth factor receptor 2 negative). Images from the breast tomosynthesis 
in the left craniocaudal (A) and left mediolateral oblique (B) views show no definite suspicious lesions in the left breast. C: Breast US 
showing an irregular mass in the left breast (arrows). D: The patient underwent US-guided wire localization before breast-conserving 
surgery, and digital mammography in the left mediolateral oblique view obtained after US-guided wire localization did not show any 
suspicious findings at the site of the wire. A marker was attached on the skin of the nipple entry site. 

A CB D

Fig. 3. Imaging of a 61-year-old woman with a screening breast ultrasound (US) revealed invasive ductal cancer (T1N1M0, estrogen 
receptor, progesterone receptor positive, and human epithelial growth factor receptor 2 negative). Digital mammography images of the 
left craniocaudal (A) and left mediolateral oblique (B) views show no definite suspicious lesions in the left breast. C: Breast US showing 
an irregular mass in the left breast (arrows). D: The patient underwent US-guided wire localization before breast-conserving surgery. 
Digital mammography in the left mediolateral oblique view obtained after US-guided wire localization did not show any suspicious 
findings at the site of the wire. A marker was attached on the skin of the nipple entry site. 

A C DB

supplemental screening with breast US is categorized as 
“may be appropriate” for average-risk women with dense 
breast due to disagreement between studies associated 
with improved sensitivity and decreased specificity and 

positive predictive value [32-37]. We expected better 
diagnostic performance with a combination of two different 
modalities with strengths in different aspects regarding 
the higher sensitivity of breast US and higher specificity 
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of DBT, although this was not evident in our study result. 
In our study, compared with DBT alone, DM combined with 
US showed higher sensitivity with lower specificity but 
with comparable CDR (9.8 vs. 7.0 per 1000 examinations, 
P = 0.463). The sole use of DBT as the primary stand-alone 
modality showed lower recall rates and higher feasibility 
than DM with time- and labor-intensive US screening. 
However, regarding sensitivity, DM combined with US may 
still be a better choice for detecting cancers, especially in 
settings where DBT is unavailable, or US costs are lower 
than DBT. 

Recently, Destounis et al. [38] evaluated the use of 
supplemental US in women with mammographically dense 
breasts who underwent DBT screening. Almost 96% (49 
of 51) of cancers detected by US alone were invasive 
(49 invasive and 2 DCIS) [38], while most of the cancers 
detected on DBT alone were DCIS. Similarly, in a previous 
Adjunct Screening with Tomosynthesis or US in women with 
Mammography-Negative Dense Breasts (ASTOUND-2) trial 
[22], adjunct screening detected 27 additional invasive 
cancers: 12 (44%) detected on both DBT and US, 1 (4%) 
detected on DBT alone, and 14 (52%) detected on US alone. 
In our study, most were early-stage invasive cancers with a 
lymph node-negative status, and a significant number of non-
invasive cancers were detected in both groups. Among the 18 
cancers detected on DM or DBT, 50% (9 of 9) were DCIS, and 
50% (9 of 9) were invasive, while supplemental US detected 
an additional 75% (6 of 8) invasive cancers. A few cancers in 
the DM cohort were larger and lymph node-positive (two-stage 
III cancers with breast density c and d on DM). 

In our study, the recall rates for DM and DBT were 6.5% 
and 9.4%, respectively, and higher recall rates persisted 
with supplemental US (31.6% vs. 22.4%). The higher AIR 
of DBT overall and in the negative cohort may be attributed 
to intensive screening within the DBT cohort, our screening 
setting with a relatively lower recall rate with DM, or the 
availability of prior DM imaging for comparison in the DM 
cohort. Results from previous studies regarding the recall 
rate of DBT have been inconsistent; some studies [13,39] 
reported a reduction in false-positive recalls, while others 
have shown that the proportion of women recalled for 
further assessment has increased [12,15]. Regardless of 
the baseline screening modalities of either DM or DBT, AIR 
increased with the addition of US, similar to the results of 
other studies [36,40,41]. Interestingly, in women with a 
negative assessment on DBT, the US still led to higher recall 
rates than those with a negative assessment of DM. The 

reasons for the higher recall rates in the DBT cohort were 
uncertain in the current study. Selection bias, availability 
of prior examination, or relatively shorter experience in DBT 
interpretation might affect these different recall rates; thus, 
further studies are necessary. 

Our study had several limitations. First, this was a 
retrospective study conducted at a single academic 
institution; thus, selection bias exists. Due to the 
retrospective design, we used mammographic density, 
menopausal status, history of hormone replacement 
therapy, and family history of breast cancer as matching 
variables; however, there may be other characteristics that 
should be considered. Second, the independent diagnostic 
performance of US could not be assessed because US 
was interpreted based on mammographic findings. Third, 
our results may not be generalizable to communities in 
which US is performed by a technologist. Fourth, we did 
not have detailed risk information for all patients. Fifth, 
our performance was calculated using data from a single-
round screening and could not be extended. Our reference 
standard of 1-year follow-up may be insufficient; thus, 
larger studies with longer follow-up periods are needed to 
verify our results. In addition, we did not consider whether 
women underwent prevalence or incidence screening. Lastly, 
since our institution is a hybrid screening setting with both 
tests available, patients with specific characteristics may 
be preferentially referred to a particular imaging modality; 
however, we accounted for these differences by matching 
the two cohorts. 

Our results suggest that supplemental US combined with 
DBT yielded comparable CDR but lower specificity than US 
combined with DM in women with dense breasts. In an 
environment where whole-breast handheld US is performed, 
the benefit of DBT does not exceed that of DM. 
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